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Although hamstr[ng strLins have been an enigma to: coaches and athletes for -
y 2 , R
years, 1itt1e has been done to elucidate the causes of this relatively prevalent ;

1

. ’inJury Burkett (19'0), utilizing Clarke's (1966) cable tensiometer strength

'; ;quadricep) strength ratio, Klein and Allman (196%) believe . that a .60 ratio-f'

'measurement procedures,“found"a“greater susceptibflityrto:hamstring strains

one had either as ength imbalance of 10 percent!or more bttween the hamstrings,_‘

S

e

__or had what he called an “inappropriate" flexor-eﬁtensor (i e., hamstring-~~l

1
b

|
i h flexor—extensor strength lowers the incidence of knee injuries in

e

i ootball players* however, the ideal strength ratlo may not be known for all.
'athletes._,hlafs and Arnheim (1973) are ‘of the opinion that inflexibility is a
precipitator of hamstring strains, however, ﬁurkett (1970) did not find this
to be a significant factor when rlexibi’ity was measured by ‘the Well's Sit-and- o ;%f
Reach Test.. | .
The aforementioned tenets/findings precipitated the initial research done
»by the author (1976 -1978) in this area; he subiects were 27 Indiana University
-(IU) track athletes (10 sprinters, 5 hurdlers, 6 1ong and/or triple jumpers, ~
| and 6 pole vaulters) In addition to follow1ng Clarke s (1966) strength :

‘fmeasuring procedures for determining hamstring and quadricep strength

.J
pos

quadricep strength was also measured with the knee—joint at 1650 With the“

.feet fixed while extension is taking place at the knee-joint, the hamstrings

action changes from" stabilizing»flexion to active extension. Carlsoo “and Molbech :
.,(1966) found that the timing of this paradoxical extensor action might vary ‘ :
between individuals . Slocum and James (1968) believe that its “timing . might be .

related to hamstring strains. In iight of the aforementioned and because the

~ >~\‘:/;£: " .
o ‘, -

) lauthor was of the opinion that many of our weight training regimens favored

;quadricep development mote B8O than hamstring development, measurement of

2 . ‘}.12:.~

'quadrictg strength at 11650 seemed warranted Because it is plausible to expett

Lo
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‘ bilaterel imbalance with respect to hip-jomnt flexibility due to the unilateral
'requirements of somo of the activities in which track athletes perform, unilateral _iki;
» \ - ’

R ,fhip-joint flexibility measurements were made mith a goniometer utilizing the'

-

_fprocedure_outlined in‘International*Standard ﬂrthopaeditfMeasuremente:€l964,,v' '

iSubsequent{to the data collection 7 track athletes sustained mild to moderate ';“;J,g“

'hamstring strains. The findings of this initial study included.v(l) most ;5

.« . ",.\-«'

“_athletes tended to have greater right leg fl.xor—extensor strength composites

than left, (2) many of the athletes were bilaterally imbalanced relative to .

L)

strength and flexibility, and (3) the tnree sprinters sustaining hamstring

'strains from-this”group wers less flexible‘andrless”bilateral relative to =

P

flexibility thar the. 7 non—injured sprinters.sl- rg'paj,enj‘d

“Thére are other factors too which may also have‘a bearing on hamstring ’g 7td
strain incidence. Slocum and Bowerman (1962) are of thr opinion that pelvic k
nosition is the key to postural control in running, for pelvic tilt controls
the amount of lordotic curye in tte lumbar spine. Slocum.and Bowerman noted

HL:‘thﬂt the smaller the lordotic curve is, the greater i the ability'tolexternalry o

'rotate the thigh and flex the femur at the hipegointe' Ailan Ryan,”MJ.D;,'editorgil

:cf the Physician andrSportsmedicine, believes that too much anterior pelvic _E”g

Iy
-

"tilt (this would be a concomx?ant of: sn increased lordotic curve) may_be a ,-#f

“ - f b | R
precipitator of hamstring struins because of" the increased muscular tengion

't

- resulting from exaggerated posterior displacement of the ischiel tuberosities_;

\ o s

frf'(1976) Sam Beli, a 1976 Olympic track ooach and the coacﬁ'of Indiana University s

e “‘track team, is of the opinion fhat hamstring strains for 100 me*erfsprinters

1,

frequently occur ip the middle third .of the race, i e., sometime after ‘f

'\

‘.H
AN
e

| -arceleration is completed but yet usuaily before the last few me?exs (1976).
‘ 0

"Quite possibly at this point the sprinters may be pressing and/or stretching to

PR

"kcep and/or improve rheir positions. If one’ would attempt to gain sneed by i ;
. - ‘{(, Co. . 3 - . "
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'fincreasing stride 1ength (e g., stretching) forward and backward oscillation
S of the pelvis might be magnified ,This would necessitate greater hamstring

effort to bring the foot downward and backward to gain speed and hence greater = 145

Qﬁstress~woald be_placed:cnfthe.hamstrings,::Althoughlsomeosnrinters might run

\

‘fhwith too much anterior pelVic tilt, intermittent increases could 1ogically be ﬁ_

,.,

: fa conccmitant effect of "pressing or "stretching" as any sprinter attempts to L

v"astay in the'race. Unfortunately this hypothesis can: be best tested on]y under

-

x_v the stress of competition. Jones (1970) has hypothesizod that extension at the ;f_.,‘?i

knee before the leg has reached‘its most forward excursion will place the

'lhamstrings on a hazardous stretch Although Jones hypothesis might be tested '

in other than meet conditions, it would seem. thaL its underlying rationale

o .

‘Imight also be related tc the pressing and/or stretching best seen under competi-;

: ftive conditions.

L

.The purpose of this study was to attempt further elucidation of the pre—'

/gcipitators of hamstring strains in university sprinters. Sprinters were chosen i

‘fas,subjects because the data collected on the 1975 IU sprinters appeared to be j;.' o

*1ess contaminated by event-related idiosyncracies than the data of other track

vathletes. In the initial study the take—off leg, lead leg, etc., appeared to

L k
o be responsible for bilaterality 1mbalance with respect to strength and flexi~

‘bility in long jumpers, pole vaulters; and hurdlers.

L e X U i e

Cwmor—

e -

Demographic,‘strength, flexibility, and anthropemetric data were collected

7fﬂon nine IU sprinters in 3anuary and Feoruary, 1977. The demographic variables o

g‘;are 1isted An the appendix, the strength and flexibility measuring techniques "
\Vwere described prewiously (see above). The anthropometric data were collected -”fg
'following a procedure suggested by Sills (1976) To obviate extremes in scores

N

\.*fand to facilitate comp_ isons, the strength and anthropometric data were

.“”5“ ~
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\of the 9- sprinters on the 1977 IU track ceéam sustained mild to
“_amstring strains prior to the end of the season and subsequent tolthe
' nonrcinemat;graphic data collechion. The American Medical Association (1966) |

a

defined a mild strain as a slightly pulled muscle .and a: moderate strain as a

:";i moderately pulled muscle.‘ To-put thls in a time perspective, the athletes ‘id“xf

who sustained mild strains were competing within one month, those sustaining W

: moderate strains were out of ccmpetition one month or. longer. The strength

and flexibility data availahle,on the 10 sprinters of the 1975 IU“track team el MQ%E

’ 'xwere also ‘used in the comparisons. None of the 1975 sprinters were’ on' the

19?7 IU. track team.

-’ - ' - .-

- In May, 1977, four sprinters were available for filming in practice on {

the day scheduled' these four men also comprised the 400 meter relay team.

Two of these sprinters had sustained mild strains subsequent to the January RS

data collection but" had fully recovered prior to the May filmings. The filming
" p
' was done with two Locam cameras facing each other at a point 106 feet from

\v the finish line,.the camera speed was 200 ft/set.; In practice the sprintersiii“r
N \ !
simulated a 100 meter dash while running in pairs, ln the Tennessee dual meet

S days later, each was filmed whenever he passed in front of the cameras in 'fé:f

hhis respective races. In_the_meet_two_of.theﬂsprinters~were~fiimed—while e

competing in the 100 and 200 meter dashes, one was filmed while anchoring the .;%f

CR

Aoommeter relay.' The latter and the one remaining sprinter were iilmed while

I

running the open 400 meters and their respective legs on the 1600 meter relay._

' To the investigator the more germane information on the-film{included

‘pelvic tilt at foot—strike, -at push—off and at a. point in between;: Pelvic tilt,

,f' whs determined by projecting the desiitd film frame .on. a digitiver, rhe 1aE
- . ; 1
\

ter- '7”‘”:
i .

|

\




= e . R ' ” B T
. SR ST - N * '
o B - R b

U e T ) +

-

W
sf each ang]e thar was examined on every runner, a stylus was® placed *n'thef

‘7::appropriate.body 1andmark (e g., greater trﬂchanter, anterior-superior iliac

ne) Because it was not feasible to mark these 1andm:.,rks on the sprinters,_

< .

v

and because the landmarks are at times difficult to pinpoint on the fiin, cp'

this procedure was repeated 20 times for each measurement. These 20.sets or ‘”"‘

" coordinate data were used to determine rhe angle of pelvic tilt 20 times, the 5

L. - . ©

ihighest and 5 lowest angles computed were then uropped and the mean nf the

2 remaining 10 ang}es was used in the analy51su,;

A -

'Stride 1ength and veloeity were"'g;

- ' .

also determined and they, along with select anthropometric data, serve as.

o

. o . ; --_ S f-_“ :"_.‘ S’
?wmarker varlables. e ST~

A e f ' . [ P

‘-RESU*LTS o

-

1. Strength Ratios S : ‘ _g‘i'_f ‘ R S p_: .}”:..-;

The contralateral strength-ra-ios are presented in Table l When quadricep

.‘\t_ -~ ‘A,

Yian

v‘f} extension strength was measured at 115°, all groups exhlbited comparabl%

bilateraIity and all groups funded to" have strmnger right quadricep strength

g than left. When hamstring flexion ratios were determined the right hamstrings
x. g . o e
were Stronger than th Jeft Howeverr the non—injured sprinters were more
:\

N

than the mild-moderate and moderate injured groups

bilateral (l 028 rati

(ratios of 14 64 & 1. 088 reapectivelj)

- e

*ﬂiyi All groups tended to have greater left than right quadricep extension

/.-

s s

‘kvg.strength when the measurement was. made at 165°° in these comparisons the non-’“
injured were the most bilateral ( 98 ratio) and the moderately injured were the

least bilateral ( 87 ratio)

When rpsilateral strength ratios were computed (Table 2), those that
\

experienced moderate st"ains were disproportionately srronger in the quadriceps

- . cee Ay

than the hamstrings in comparison to the other two groups.| The ratio for the

P

- R
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left for the mildmmoderately injured Forgthe_non—injuredythe ratio was;}72f‘

for both right and the left comparisons.

In Table 3 are presented the ipsilateral strength ratios for the quadriceps;f:

?]and hamstrings when both measurements are made with the. knee-joint at an angle‘ibtff'”

]
. e

of l05°ﬁ:“It was noted ERat tﬁe Fatios ot*tnose'wno‘recerved:moderate'strainsx7{7fﬁ

were somewhat 1owe1-than the iatios of those who did not experience hamstring

o“

injury (i.e., 1 lO left and 1 38 right, 1 48 left and 1 55 right, respectively)

o g Flexibility o ﬁ_ ST e u . L ;;

Although those sprinters who had sustained hamstring strains were slightly mtre

bilateral with respect to flexibility, they were decidedly less flexible than'ﬁ

| the non-injured.’ The non-injured averaged 92 degrees for hip-joint flexibility,

those that had sustained mild-moderate strains and moderate straina averaged

B o

87 and. 82 degrees, respectively. LT ‘;!;u' A ;v,‘sybi

U

ﬁfg} Anthrqpometric Ratios )

".' '\l

These data are presented in Table 5 All groups were oasically comparable.

R . . . o
S R . : it : ~.‘.,
. 2 Son S i

relationships._ _i,.e'r""f; - {fj'

i Kinematir- Data S j.,

t

Pelvic tilt was measured as being the angle/formed by (1)‘a line throughddf
the'greater trochanter and’ the anterior superior iliac spine, and (2) this line s
‘juncture with the vertical This is not pelvic tilt per se' however, by | |

.'necessity it was used’ror comparative purposes in thiS-squdy. In;Table 6

',, pelvic tilt (PT) is given at push—off when the tibia is vertical (in forward

- . ‘r

swing phase) and'at foot-strike. Practice performance was shaded on’ meetnﬂd'*g

performance for comparative purposes.,“Two sets of meet data are depicted for



g sprinter TH It was done this way because Th' fi]m performante includes both S

_the 400 meters and the lOO meters._ As seen in Table 6 there was’ decidedly

é-less pelvic tilt in one of the noﬁwinjured sprlnters (i ey TP)- ;quever,‘the~€

I

'%hldifferences seen between the other non-injured sprinter and the‘vnjured ones

JRNE 3 , h\
E‘were less definitlve. Stride length and velocity are presented as markeisvarl

4 (R

A i

hles.in this table, additlonal dnthropometric measurements are érov1ded as;

A;and one bad a rlbht hamstrrng straln. ;
--r'TDIscussmN ’

It is pos 91blc to draw lnfertnces Crom stvtral pf“the strength ratloﬁ

,.-. . W .

'*comparlsons.‘ Although the respectrvt quadricep extension~strength ratibs at

B SN "l‘-‘

vf1115 degrees dlfrered llttlt,

-, PR

"Second, the non—f’“

'sPrinttrs wete more bllateral relatrve to&hamstrino flexi n, strength'

When quadricep extensnon strength was'measur dfat'165'dégrees;5thefnon¢ml
ﬁ“ingured were agaln the most bllatelal., lhe 1mba]ance exhibittd by the three;;‘ﬂ

.. : Lo .vl. _\,.

"sprinters sustaining moderate stxains tavorod tht:loft quadriceps, annlna—

DAL » :
tion of the 1p51lat ral strength ratros (agaln thh the~quadriceps extension“




Lat 165 degrees, Table 3) magnifles th1s disparlty The data indicate that

S

'hthe sprinters sustalning moderate hamstrlne strains had dispropor{lenately

o« S v : )

However, the formers

1 imated the 60 sug ested by lein and Allman (1969)

ffigure was stbli lower than that sten iu the nonminjured sprlnters.

RN -t -

string/quadricep-s rength ratio of the 1atter averaged 72 Surprisingly,

the ratio oﬁ those sustalning mild strains was ;77.‘;‘.;5

’ ,r,v,,:’ A Lo :

The data relatlve to h1p JOln{ flexlbilityralso 1ndicates‘a marked dif-_ve"

N .
6 o . Ty

Kendall et al (1971) state that 80 85 degrees is the normal h1p Joint flcxi—:‘t”

- I

blllty rangt, thu ‘ hat sustalned moderate stralns were w1thin these norms._‘

jﬂowever,‘since ChL non-lnjured averaged 92 degrees of hip joint flexibility,

,,1. P . . .
B '\\

f?in tompetltxon,‘thns particular sprlnter s peI\lc t11t was very 1ow ln comV

~ e

'bparison to that of the other sprlnters._ Furthermere, although sprrnten TH
r ] \»

fgwas filmed Whl;e anchorl "‘the 4 X 100 meter relay,




- a = . ; . ". .“,

'both“had experieuged comparable scrainb of the left hamitrings., Qprihterwg‘& ;i

WJM,always had 1ess pelvmc tilt than spri%&ﬁgyTG however h;s strmde énd

o

At push off and foot-strike Sprinter JM 8.

veiocity were also sli htly 1ess.

ih

'sprlnter TG s pelv1A tile at the ‘same - two poin%//yds highe :in praccice thanwf":

~

BED = = N

in competition.‘ Although repeated measures/@ere made'of the fllm frames

,' : N i ”_;~e
this enlgma even with the &ame measurlng%techniqueb; Of course there would

-~ T

'Perhaps~something,sg\nom1na% as,runnmngtarouqd tracks;co

;the range of movement,n j

C

:ngYé normal h1p J01nt flex:bllity
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QUHDRICEP EXTENSIUN 185 way

HHMSTRING FLEXION (R/L) "ﬁffb
i

- QURDRICEP. EXTENSION (R/L:)

- TABLE 2-;IPSILHTERHL STRENGTH RﬂTIOS
S 8] L L eer LEG. tFLEXGRS/EXTENSﬂRSl |
0y Co S =L
o i RIGHT LEG fFLEXﬂRS/EXTENSURSJ
& &5 § :
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TABLE 3. IPSILATERAL STRENGTH RHTIGS}

e FLEXORS- EXTENSURG AT 165

e s -1 LEFT;LEG ﬁEtEXQRS/EXTENSﬂRS),

o

RIGHT LEG (FLEXORS/EXTENSORS)

: S S
o . SN
2 e c
.§ o o
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]

RHF/LHF(100). s P

v

LEFT HIP-JBINT FLEXION .

| RIGHT HIP-JOINT FLEXION P
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TABLE 5. ANTHROPOMETRIC RATIOS . -

: N eysAanRe

N : AL UPPER ARM/FOREARM

3 — . THIGH/LEG . .
1 | oo ‘ - B

:

- o ——T——T— 1 TRUNK/STATURE «




© "TABLE 6. KINLMATIC DﬁTq §f M
- STRIDE/VELOCITY/PELVIC TILT (PT)- SN
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